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Abstract

In this paper, a dynamic simulation of a building located in the Campus University of Palermo, Italy, has been carried out. We
considered two different scenarios; in the first one, the building as it is, with a conventional covering, while in the second one the
roof was equipped with a green roof. The results of the two simulations have been compared, suggesting that such building
component could contribute to the energy savings of the building. However, it has to be considered as part of other possible
actions devoted to improve the energy efficiency of the whole building.
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1. Introduction

Green roofs are considered to be an effective solution to improve internal and external environment at the
building and urban levels. In comparison to conventional roofs, green roofs present many benefits, such as reducing
the air pollution, mitigating noise, improving the management of runoff water, increasing the urban biodiversity, and
the reducing the energy consumption of buildings, especially for cooling purposes [1-5]. Berardi et al. [6] report a
state-of-the-art analysis of the environmental benefits of green roofs. There is a growing literature data regarding the
energy benefits of green roofs [5], even if a comprehensive assessment in quantitative terms is still a challenge [7].
The thermal performance of green roofs is generally evaluated by means of modeling simulation or numerical
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estimation using the involved parameters, which are collected experimentally or from databases [8-14]. Moreover,
the thermal transmittance coefficient usually is estimated in steady state numerical approaches that utilised suitable
data-loggers; a steady state numerical calculation of the thermal transmittance coefficient has a very restricted range
of applicability [14]. As regard the importance of vegetation in the simulation process, Lazzarin et al. [10] tuned
their model in TRNSY'S software to stress the significance of plant evapotranspiration, while Sailor [13] combined a
model based on the Army Corps of Engineers (FASST) vegetation model [15] with the Energy Plus simulation
program.

In this paper, a dynamic simulation of a building located in the Campus University of Palermo, Italy, has been
carried out. We considered two different scenarios; in the first one, we considered the building as it is, with a
conventional covering, while in the second one the roof was equipped with a green roof. The results of the two
simulations has been compared in terms of energy savings and comfort of inhabitants.

2. Green roof components

In Italy, green roofs are not very common yet, even if they are starting to spread. The issue of the Italian standard
UNI 11235:2007 “Instructions for the design, execution, control and maintenance of green roofs” (Istruzioni per la
progettazione, I’esecuzione, il controllo e la manutenzione di coperture verdi) [16], that defines planning, realization,
control and maintenance criteria of a green covering, has leaded to the commercialization of several ready-to-install
packets, promoting the use of such innovative building components.

The layers composing a green covering, as reported in the UNI 11235:2007, are the following from bottom to top:

e Structural layer, supporting the loads;

o waterproof layer, protecting the roof from water infiltration, generally made of a bituminous or PVC membrane;
root barrier layer, protecting the insulation from the root, often coupled with the previous element by treating the
membrane with suitable chemical agents;

protection mat, protecting the root barrier from mechanical damage;

drainage layer, draining surplus water from the roof;

moisture retention layer. Accumulating meteorological or irrigation water for dry periods;

filter fabric layer, protecting the drainage layer from thin particles;

growing medium, generally a lightened soil containing peat, pumice, lapillus, bark and natural fibres;

plant layer.

There are mainly two types of green roof: intensive and extensive. The first type is characterized by thin growing
medium (8-15 cm) and vegetal species that can adapt themselves to the local environmental conditions (sedum,
herbs and shrubs), while the second one has a thicker growing medium (until 1 m) and with all kind of vegetal
species (from shrubs to trees). The two types of coverings, obviously, strongly differ in both installation costs and
maintenance.

3. Dynamic simulation model

The available green-roof models for energy simulation programs are increasing in literature. They differ among
them for being simplified or complicated mathematical model of heat and mass transfer, assuming the thermal
properties of green roof constant or affected by latent heat and by water content [17-18], being one-dimensional or
multi-dimensional model, having a higher or lower degree of detail.

In any way, the main programs utilized for building energy simulation currently not allow to choose among
different mathematical models for green roof, at the very most they contain a mathematical model. This is the case
of EnergyPlus program that is one of the newest and advanced software for building energy simulation.

The green roof model implemented in EnergyPlus program is based on the Fast All-season Soil Strength
(FASST) model developed by Frankenstein and Koenig [15] and with some modifications introduced by Sailor [13].

As is obvious, the energy balance of a green roof is dominated by solar irradiance, and this is balanced by
sensible and latent heat flux from soil and canopy with heat conduction into the soil substrate and long-wave
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radiation to and from leaf and soil [13] (see Fig.1). In other word, the energy balance of the green roof model takes
into account: a) canopy effects on convective heat transfer; b) evapotranspiration from the soil and plants; c) heat
conduction in the soil layer; d) longwave and shortwave radiative exchange.
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Fig. 1. Sketch of the energy balance of a green roof.

Moreover, the green roof model of EnergyPlus program includes a simplified moisture balance as well as soil
surface and foliage temperature equations that are solved simultaneously. The model assumes the thermal properties
of green roof not affected by moisture and does not take into account the effects of the drainage layer.

As its interface is not easy to use, a more user-friendly software has been used, namely Design Builder [19].
Green roofs can be modeled in Design Builder by creating a roof construction using a Green roof material as the
outer layer.

The main input parameters of the green roof model are [20]:

e Height of plants;
Leaf area index (LAI);
Leaf reflectivity;
Leaf emissivity;
Minimum stomatal resistance;
Max volumetric moisture content of the soil layer (saturation);
Min (residual) volumetric moisture content of the soil layer;
Initial volumetric moisture content of the soil layer.

4. A case study

The analysed building is located in Palermo (Lat. 38° 06 N, Long. 12° 56’ E, elevation 60 m a.s.l.). It is a
situated inside the Campus of the University of Palermo and identified as “Building 9”, namely the Dipartimento di
Energia, ingegneria dell’Informazione e modelli Matematici (DEIM).

4.1.Building description

The analysed building has four floors and a basement floor (Fig. 2-right). The latter is composed of laboratories
and technical rooms with ceiling height equal to 3.5 m. The first floor consists of the main entrance of the building
and laboratories. In this floor, the ceiling height is equal to 4.20 m. The second and third floors consist of office
spaces with ceiling height of 4.20 m. Finally, the fourth floor houses a solar laboratory and a terrace on which the
green roof is installed.

The building has a framed structure with infill walls made of tuff bricks and a flat roof consisting of concrete and
bricks and windows are double glass with air (4-12-4) with aluminium frame. The main thermo-physical properties
are for: a) outer walls thickness 36 cm and trasmittance 2.635 (W m2 K%); b) glass type 4-12-4 and trasmittance
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2.725 (W m2 K1); ¢) roof thickness 32.5 cm and trasmittance 1.756 (W m2 K'Y); d) green roof thickness 53 cm and
trasmittance 0.363 (W m?2 K1),

In two different areas of the roof (see Fig. 2) will be installed a green covering using a commercial patented
Italian system, i.e. Perligarden-Perliroof® by Perlite Italiana srl [21]. Such system is suitable for the realization of
intensive and extensive green coverings and hanging gardens with low thickness and weight.
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Fig. 2. The front view (left) of Building 9 and the two zones (right) on the terrace selected for the installation of a green covering.

In the following, the different layers constituting the green roof, from the outer to the inner one, are reported:

e Vegetation layer, i.e. Phyla nodiflora in zone 1 and Gazania nivea in zone 2;

e Growing medium layer AgriTERRAM® TVS, particularly indicated for extensive green coverings, a mix of
inorganic inert components and organic (like clays and fertilizers) ones, characterized by slow releasing;

e Filter layer Drenalit® F130, a non-woven geotextile in calandered polypropylene;

o Water storage layer, consists of a 5 cm pillow made of a particular calandered not woven polyester geotextile,
filled with inert soil of expanded perlite (Igroperlite® Agrilit T2) characterized by a granulometry of 1+3 mm;

e Drainage layer Ecodren SD5®, a geo-composite that consists of a geo-net heat bonded to a non-woven geotextile
4.5 mm thick;

e Anti-root barrier 5 mm thick;

o Structural support consisting of a 10 cm light concrete layer, a 20 cm concrete slab and a 2 cm plaster layer.

4.2.Climatic and equipment input data model

As input for the simulation in Design Builder, the TRY of Palermo [22-23] developed by means of the Hall et al.
method [24], has been used.

The other inputs refer to the dimension and materials of the elements and the scheduling of equipment and plants.
The building is occupied during working days (Monday to Friday) from 8 a.m. to 6 p.m. Openings are double glass
with air (4-12-4) with aluminium frame and inner blinds. Blinds are open from April to September on working days
and closed otherwise. Lighting is provided with fluorescence lamps of various power, scheduled on from October to
November (from 2 p.m. to 6 p.m.) and December to March (from 8 a.m. to 6 p.m.), while from April to September
natural lighting is high enough to maintain comfort. The heating system is a mix of radiators and fan coils and is
scheduled on from 7 a.m. to 12 a.m. and from 3 p.m. to 6 p.m. during the heating season. A heating (20 °C) and
cooling (25 °C) setpoints are fixed. Finally, we considered a natural ventilation of nearly 0.4 ac/h for zone 2 and a
mechanical ventilation for zone 2 with mean values of 1.3 ac/h in heating season and 2.8 ac/h in cooling season.

5. Results and discussions

Two different simulations have been carried out on the considered building, i.e. as it is and with a green covering,
as described in the previous section, installed on top of it in the above-mentioned two zones.

Simulation results are reported in Figures 3 and 4. We report, for both zone 1 and zone 2, the comparison in
terms of energy lost from roof and the total energy lost between the two described configurations.
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Fig. 3. Energy lost from roof (left) and through building envelope (right) for zone 1.

Zone 2

o«

A—

/A\:>—‘\

A—
AT A—p
14 Feb Mar AR May —Jun—Jul—Aug —Sep Oct —Nov—Dec

<

)

AN

| —®—Conventional roof +Greenroof|

Zone 2
400
200 a

200 Jan Feb Mar Apr Mayfen Jul-\aug ek Oct Nov Dec
- o
400 3
600 ;z\
)

-800 O
1000 A

A
-1200

o
-1400

Energy lost through building
envelope (MJ)

| —@—Conventional roof +Greenroof|

Fig. 4. Energy lost from roof (left) and through building envelope (right) for zone 2.

In Table 1, the obtainable energy savings by means of the installation of a green roof with respect to a
conventional one both for heating (from December to March) and cooling (from June to August) season is reported.

Table 1. Obtainable energy savings by means of a green roof

Zone Season Energy savings Energy savings through
from roof (%) building envelope* (%)
Heating season 86.5 329
Zone 1
Cooling season 44.7 6.0
Heating season 86.2 354
Zone 2 i
Cooling season 89.5 294

*Considering only heat losses from glazing, outer walls and roof.

The simulation results refer only to the rooms under the two analyzed zones. The graphs in Figures 3 and 4
outline a greater energy savings during the heating season than in cooling season. This is also due to the limits of the
used model that totally disregard the influence of moisture on the thermal properties of the green roof.

The heat flux through the roof falls into the range reported by Chen et al. (60-90%) [17], except for zone 1 in the
cooling season. This is probably due to the big value of the ventilation rate, as reports in the previous section. The
energy saving in the rooms under the two zones instead is less than the values reported by Spala et al. (58-73%) [3].
Moreover, zone 1 shows an energy saving percentage very low. This is probably due to the same reason above
mentioned.

6. Conclusions

In the present work, we analyzed the energy saving contribution of a green roof compared with a conventional
one in the city of Palermo. In fact, the contribution of the green roof depends on the climate of the installation site.
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Moreover, this is the first simulation performed in order to compare the data obtained by the simulation with the
actual data obtained by the monitoring of a green roof currently installed on the roof of the building. The results
obtained by the simulations point out a good rate of energy saving; therefore, the green roof falls in the set of
possible interventions to improve the energy performance of buildings. By the way, such energy saving greatly
decreases when the ventilation rate is high.

Acknowledgements

This paper has been prepared within the PON Smart Cities “i-NEXT Innovation for greeN Energy and eXchange
in Transportation”, financed by the Minister of Instruction, University and Research.

References

[1] A. Niachou, K. Papakonstantinou, M. Santamouris, A. Tsangrassoulis, G. Mihalakakou, Analysis of the green roof thermal properties and
investigation of its energy performance, Energy and Buildings 33 (2001) 719-729.

[2] M. Santamouris, C. Pavlou, P. Doukas, G. Mihalakako, A. Synnefa, A. Hatzibiros, P. Patargias, Investigating and analysing the energy and
environmental performance of an experimental green roof system installed in a nursery school building in Athens, Greece, Energy 32 (2007)
1781-1788.

[3] A. Spala, H.S. Bagiorgas, M.N. Assimakopoulos, J. Kalavrouziotis, D. Matthopoulos, G. Mihalakakou, On the green roof system. Selection,
state of the art and energy potential investigation of a system installed in an office building in Athens, Greece, Renewable Energy 33 (2008)
173-177.

[4] F. Ascione, N. Bianco, F. de’ Rossi, G. Turni, G.P. Vanoli, Green roofs in European climates. Are effective solutions for the energy savings
in air-conditioning? Applied Energy 104 (2013) 845-859.

[5] S. Onmura, M. Matsumoto, S. Hokoi, Study on evaporative cooling effect of roof lawn gardens, Energy and Buildings 33 (2001) 653 — 666.

[6] U. Berardi, A. GhaffarianHoseini, A. GhaffarianHoseini, State-of-art analysis of the environmental benefits of green roofs, Applied Energy
115 (2014) 411 - 428.

[7] R. Fioretti, A. Palla, L.G. Lanza, P. Principi, Green roof energy and water related performance in the Mediterranean climate, Building and
Environment 45 (2010) 1890-1904.

[8] E.P.D. Barrio, Analysis of green roof cooling potential in buildings, Energy and Buildings 27 (1998) 179-193.

[9] E.P.D. Barrio, Roof components models simplification via statistical linearization and model reduction techniques, Energy and Buildings 29
(1999) 259-281.

[10] M.R. Lazzarin, F. Castelliani, F. Busato, Experimental measurement and numerical modeling of a green roof, Energy and Buildings 37
(2005) 1260-1267.

[11] R. Kumar, S.C. Kaushik, Performance evaluation of green roof and shading for thermal protection of buildings, Building and Environment
40 (2005) 1505-1511.

[12] Alexandri E, Jones P. Developing a one-dimensional heat and mass transfer algorithm for describing the effect of green roofs on the built
environment: Comparison with experimental results. Build Environ 2007;42:2835-49.

[13] D.J. Sailor, A green roof model for building energy simulation programs, Energy and Buildings 40 (2008) 1466-1478

[14] Kotsiris G., Androutsopoulos A., Polychroni E., Nektarios P.A., 2012. Dynamic U-value estimation and energy simulation for green roofs.
Energy and Buildings, 45 (2012) 240-249.

[15] Frankenstein S, Koenig G. Fast All-season Soil Strength (FASST). U.S. Army Corps of Engineers, Washington, D.C. Springfield: National
Technical Information Service (NTIS); 2004.

[16] UNI 11235 - Istruzioni per la progettazione, I'esecuzione, il controllo e la manutenzione di coperture a verde. Milano: Ente Nazionale
Italiano di Unificazione; 2007.

[17] Chen PY, Li YH, Lo WH, Tung CP. Toward the practicability of a heat transfer model for green roofs. Ecological Engineering 2015; 74:
266-273.

[18] Tabares-Velasco PC, Srebric J. A heat transfer model for assessment of plant based roofing systems in summer conditions. Building and
Environment 2012; 49: 310-323.

[19] DesignBuilder Software Ltd. http://www.designbuilder.co.uk.

[20] Sellers PJ, Mintz Y, Sud YC, Dalcher A. A Simple Biosphere Model (SIB) for Use within General Circulation Models. J Atmos Sci
1986;43:505-31.

[21] http://www.perlite.it/it/edilizia/giardini-pensili/tetto-giardino. Visited on March 2013.

[22] Sorrentino G, Scaccianoce G, Morale M, Franzitta V. The importance of reliable climatic data in the energy evaluation. Energy 2012;48:74-
9.

[23] Sorrentino G, Ferrante P, Franzitta V, La Gennusa M, Nicolosi S, Scaccianoce G, Viola A. Generation of a test reference year (TRY): An
application to the town of Palermo. Advanced Materials Research 2012; 622-623:1835-40.

[24] Hall 1 J, Prairie RR, Anderson HE, Boes EC. Generation of typical meteorological years for 26 SOLMET stations. Sandia National
Laboratories, Report SAND 78-1601. Albuquerque; 1978.



